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Supplementary Materials
Climate model validation of Arctic precipitation (mean and variability)
In order to verify whether the CMIP5 climate models are able to realistically reproduce the actual Arctic moisture budget we should ideally compare the model output to direct observations. However, mainly owing to the paucity of direct precipitation and surface evaporation observations in the Arctic region with sufficient spatial coverage and of sufficient length to usefully address climate variability, especially over the Arctic Ocean, we will use observationsdriven reanalyses data, even though the hydrological cycle is usually not well constrained.
Reanalyses are, however, constrained by a multitude of other observations of various kinds, and so these products provide a physically consistent and complete (in terms of spatial and temporal coverage) assessment of present-day Arctic moisture budget components, even though reanalyses data are certainly not devoid of issues, also in terms of precipitation characteristics (5). Nevertheless, we believe reanalyses products are of sufficient quality to be used to validate climate models in terms of Arctic average precipitation characteristics (means and interannual variations).
We use six commonly used reanalyses datasets to evaluate "observed" Arctic (70°-90°N) precipitation (means and interannual variability) for the present-day period (taken here as 1981-2010). Interannual variability is defined as the standard deviation of the linearly detrended annual means. With regard to Arctic mean values, the climate model mean somewhat underestimates (by ~5%) mean precipitation compared to the reanalyses mean value ( Figure S1 ), even though the intermodel spread is as large as the spread among reanalyses products (save two climate models that severely overestimate Arctic precipitation). The model-mean variability very closely matches that of the reanalyses products, although the spread among climate models is substantial. In order to study in greater detail the underlying causes of interannual as well as decadal variations in Arctic moisture budget components, we carried out a large 400-member ensemble of 5-year simulations using the state-of-the-art global climate model EC-Earth (28, 29), one of the CMIP5 models. In total we thus have 2000 model years representing the current climate (including its variability), starting from 16 randomly selected initial conditions with different stochastic forcing. We assume that these 16 initial conditions are distributed such that they to a large degree sample Arctic decadal variability, meaning that each set of 125 model years should be representative of a certain section (or phase) of decadal variability. Variability within each set of 125 model years then represents interannual variability (within a certain phase of decadal variability), whereas differences between each of the 16 sets provides an measure of decadal variability.
In the EC-Earth climate model, Arctic (70°-90°N) interannual variability is clearly larger than decadal variability ( Figure S2 ), especially in case of poleward moisture transport and also precipitation. While this also largely holds for surface evaporation, some significant decadal variability is evident. The magnitude (defined as the standard deviation) of interannual and decadal fluctuations is 245.7 and 53.2, 134.5 and 72.9, and 247.5 and 43.3 km 3 yr -1 for Arctic precipitation, surface evaporation and moisture transport through 70°N, respectively. Hence, whereas interannual variability in surface evaporation is much smaller than that in precipitation and moisture transport, decadal variations in surface evaporation are comparatively large.
This suggest that the longer the time scale of Arctic variability, the stronger the influence of surface evaporation on precipitation variability. This is confirmed by the dominant dependencies between sets of 125 model years ( Figure S3 ). While mean precipitation scales well with mean surface evaporation (denoting decadal variability), the precipitation variability on shorter (interannual) timescales correlate with that in poleward moisture transport. Even though this result is strictly valid for one model (EC-Earth), it generally confirms the findings in Figure   1 when one considers long-term (e.g. human-induced) trends to represent a variation on centennial time scales, for which precipitation variability/trend changes are thus governed by surface evaporation.
Separating interannual and decadal variability
To consistently decompose the overall temporal variability in Arctic moisture budget components into interannual and decadal time scales, we again use the global climate model ECEarth in two very long (550-year) simulations for a) the current climate and b) the doubled CO 2 climate (30, 31), both with constant (in time) radiative forcing. Of these simulations, we disregard the first 150 years and use only the final 400 years which to a good approximation represent quasi-steady climate states. These 400-year time series of annual means are decomposed into interannual and decadal variations by using a fourth-order Butterworth filter with cut-off time-scale of 10 years ( Figure S4 ). This means that we define all variations with a time scale of less than 10 years to be interannual, and longer than 10 years decadal (26).
Admittedly the choice of the cut-off time scale is somewhat arbitrary, but the results are qualitatively independent on its exact value. Correlations between the various time series confirm this time-scale dependent influence on Arctic precipitation. On relatively short (interannual) time scales, precipitation correlates well with poleward moisture transport and much less with surface evaporation ( Figure S6 ). This situation reverses towards longer (decadal) time scales, for which surface evaporation dominates the correlation with Arctic precipitation. Incidentally, in the current climate the transition between the two "regimes" occurs at a periodicity of about 10 years, which agrees with our choice of the cut-off time-scale of 10 years. We conclude that fast atmospheric processes govern (changes in) interannual or shorter Arctic precipitation variability, whereas comparatively slow oceanic mechanisms (including sea ice) dominate changes/variations on longer (decadal, trends) time scales. Even though these findings are based on simulations by only one climate model (EC-Earth), they qualitatively corroborate the multi-model results shown and discussed in the main paper.
Changes in convective (small-scale) precipitation in the Arctic
Generally, precipitation can be subdivided into having a large-scale (or stratiform) and a convective origin. Stratiform precipitation is usually associated with slowly ascending air masses for instance related to fronts and other weather systems, and typically occurs at relatively large spatial scales. Convective precipitation is usually linked to local/mesoscale activity, and is much more episodic and small-scale in nature. Even though the difference between these two types of precipitation formation processes is not always clear cut, climate models generally differentiate between them. This allows one to assess the characteristics of these preciptation types (and the associated spatial scales), and the potential changes with climate warming.
In the climate model EC-Earth, the annual ratio of convective to total precipitation exhibits strong increases with climate warming ( Figure S7 ). This is caused mainly by the reduced stability of the Arctic atmosphere, associated with retreating sea ice. Arctic moisture convergence will reinforce the occurrence and/or strength of convective precipitation. The maximum increase seems to be located near the sea ice retreat regions (where sea ice is present in the current climate but absent in a warmer climate), where the maximum changes in vertical stability can be found, and where conditions are thus most favourable for convective precipitation to increase. This suggests that the Arctic region will experience more smaller-scale precipitation events in a warmer climate, which is likely to enhance the interannual variability in precipitation.
Intermodel differences and decadal variations in interannual precipitation variability uncertainty
Interannual climate variability is generally modulated by decadal variations, especially in the Arctic, which can mask possible trends in interannual variability. Another source of uncertainty in climate variability is related to the fact that models simulate aspects of climate variability very differently, which is related mainly to differences in how individual models solve or parameterize relevant climate processes. In an attempt to separate these two sources of uncertainty, we here analyze the (quasi) stationairy pre-industrial climate simulations carried out by the CMIP5 climate models. These long simulations are used to quantify the uncertainty in interannual Arctic precipitation variability per model (by evaluating the variability, or standard deviation, from subsequent 30-year sections, to produce a time series of the standard deviation, which again yields a mean and an uncertainty) and then compare the various models ( Figure S8 ).
Clearly, CMIP5 models differ considerably in the mean value of interannual Arctic precipitation variability, ranging from slightly over 100 km 3 yr -1 to just under 300 km 3 yr -1 . Apart from a few precipitation variability seems to vary less among models, with its mean (interquartile) value being 33.3 km 3 yr -1 . This would suggest that, even though both aspects play a non-negligible role in the total uncertainty, intermodel differences are more important than decadal variability in terms of the uncertainty in interannual Arctic precipitation variability.
Intermodel versus intramodel uncertainties in interannual precipitation variability trends
Projected future trends in climate variability are subject to two main types of uncertainty: 1) those due to differences between climate models (intermodel), 2) those due to variability within one model, for instance caused by decadal (or longer) variations (intramodel). To quantify the latter, large ensembles are a prerequisite. As stated in the main paper, the CMIP5 model collection contains many models (35), but with wildly varying ensemble sizes (ranging from 1 to ~50). To avoid introducing errors caused by using different ensemble sizes, we chose to use one ensemble member.
To infer how the intramodel uncertainty compares to intermodel uncertainty, we used the collection of CLIVAR models (https://www.earthsystemgrid.org/dataset/ucar.cgd.ccsm4.CLIVAR_LE.html), containing six models with each at least 16 ensemble members. Even though some models have produced more than 16 ensemble members, we again chose to apply equal ensemble sizes for each model (hence, 16).
For each CLIVAR-model and each ensemble member, we calculated Arctic mean (70-90°N) trends in interannual precipitation variability over the period 1980-2100 ( Figure S9 ). Intermodel uncertainty is represented by the differences in mean values between the six models, while intramodel uncertainty is represented by the error boxes/bars. Remarkably, the ensemble-mean model uncertainty is largely similar among the six models, in contrast to the intramodel uncertainty (the error bars). This suggest that for these six models, the contribution of intramodel uncertainty in Arctic precipitation interannual variability trends due to decadal or longer variability is more important than differences between models. Even though this finding is based on only six models (compared to 35 climate models used in the main paper), it might indicate that decadal (or longer time scale) natural variability is the dominant source of uncertainty in Arctic interannual precipitation variability trends. 
